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METHOD FOR DISPLAYING LOOPS FROM 
IMMUNOGLOBULIN DOMAINS IN DIFFERENT CONTEXTS 

10 Field of the invention 

[0001] The present invention is related to a novel 

method for displaying loops from immunoglobulin domains in 
different contexts. More specifically, the present 
invention comprises a method that allows to search for 

15 antibodies wherein antigen binding is driven by a CDR 
(Complementarity -Determining Regions) loop, especially 
HCDR3 , and to identify CDR loops that maintain, enhance or 
maintain to a significant extent their antigen binding 
capacity when grafted to another structural context, 

20 especially when said structural context is expected to 
conf ormationally restrain the beginning and the end of the 
loop in a way that resembles the anchoring of the CDR loops 
on the antibody framework residues. 

2 5 Background of the invention 

[0002] Antibodies are composed of two chains termed 

light and heavy chains. The light chain contains two 
domains: an amino- terminal variable domain (referred as VL 
domain) and a carboxy- terminal constant domain (CL) . The 

3 0 heavy chain is composed of an amino- terminal variable 

domain (VH) and three constant domains (CHI, CH2 , CH3 ) . The 
antibody binding site is located in the VL and VH domains 
and is made up by six hypervariable loops referred to as 
Complementarity-Determining Regions (CDRs) . Both VL and VH 
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regions contain three CDR loops (numbered in sequence 
order: CDR1, CDR2 and CDR3 ) , which are connected to a 
structurally conserved P-sheet framework. 

[0003] It is well known that antibodies can be 

5 raised against virtually any type of antigen. The antibody- 
antigen binding is generally specific for the antigen 
against which the antibody has been raised and is usually 
of high affinity. Antibodies bind to the antigen at a site, 
which is termed the epitope. With the advent of the 

10 hybridoma technology, it became possible to produce 
homogeneous populations of antibodies, termed monoclonal 
antibodies (MAbs) , marked by a single epitope specificity. 
MAbs have revolutionized the drug discovery work. 
Repeatedly it had been shown that MAbs can prevent ligand- 

15 receptor interactions thereby inhibiting ligand mediated 
biological effects. For example, MAb R15.7, an antibody 

directed against the common P-chain of the P2 family of 

integrins, interferes with neutrophil (expressing p2 

integrins) - endothelium (expressing the P2- integrin 
20 ligands) adherence ' and in animal testing its effectiveness 
in remedying reperfusion injury has been shown (Ma et al . , 
1991) . 

[0004] It is well known that the size of an antibody 

can be reduced without altering the antigen recognition. 

25 Identification of the smallest antibody fragment still 
capable of binding to antigen has progressed from full 
antibody molecules to Fab and recombinant single chain Fv 
fragments. Now, a further reduction to single domain 
binding proteins based upon immunoglobulin V H and V H -like 

3 0 domains offers exciting prospects in the development of 
novel immunotherapeut ics and immunodiagnostics . 
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State of the art 

[0005] A brief historical overview of the efforts 

made for designing or isolating single-domain antigen 
binding proteins based on i mmunog lobulin- doma ins or 
5 starting from an unrelated scaffold is given below. 

[0006] The driving forces behind ongoing efforts to 

search for such single domain antigen binding fragments is 
the expectation that these molecules: 

are easier to identify, handle and express as 
10 recombinant polypeptide; 

- have superior biophysical properties such as solubility 

and stability, which would 

- make them superior therapeutic or diagnostics 
reagents ; 

15 - provide tools for generating conf ormat ionally defined 

peptide structures with target specificity, which 
exhibit potential as pharmacophores for drug design. 
Immunoglobulin VH domain: 

[0007] It is widely accepted that Ig heavy chains 

20 alone retain significant antigen binding ability in the 
absence of a light chain. For naturally occurring 
antibodies this was shown already long ago (Painter et al . , 
1972) . There is also a lot of evidence from structural 
studies that the CDR3 region VH domain contributes the most 
25 to antigen binding. This is based on the findings that the 
HCDR3 amino acid residues provide most of the surface 
contact area and are crucial in the molecular interaction 
with the antigen (Padlan, 1994) . 

[0008] In the early days attempts were made to 

30 isolate VH domains by enzymatic digestion, but this 
approach has not been successful - Due to the progress in 
gene technology in the 80' s, the generation of recombinant 
VH domains came within reach. The first attempt was made in 
198 9 by Ward and colleagues, who made a VH expression 
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library from the spleens of mice immunized with hen egg- 
white lysozyme and keyhole -limpet haemocyanin (Ward et al . , 
1989) . Using the polymerase chain reaction, diverse 
repertoires of VH genes were cloned from the spleen genomic 
5 DNA of the immunized mice. The Escherichia coli (E. coli) 
cells secreted VH domains thereby permitting the screening 
of clones expressing antigen specific fragments. Binding 
activities were detected against both antigens and two VH 
domains were characterized, which showed to have nanomolar 
10 affinities for lysozyme. The fragments which were isolated 
were barely soluble and difficult to produce. 

[0009] Based on the structural features of Camelid 

heavy-chain antibodies published by Hamers and colleagues 
at the University of Brussels (Hamers-Casterman et al . , 

15 1993), Davies and Riechman were the first to report on the 
camelization of VH fragments in order to cope with the 
insolubility of isolated VH-domains. In the first 
experiments, they mutated the hydrophobic residues at 
position 45 and 47 of the VH into hydrophilic residues. 

20 These residues are part of the hydrophobic cluster and are 
essential for the association of the VL- to the VH-domain. 
The introduction of these mutations led to an increased 
solubility of the VH domain and allowed the structural 
analysis by NMR spectroscopy (Davies and Riechmann, 1994) . 

25 Another report describes the selection of a single domain 
VH fragment recognizing specifically a cell surface antigen 
from melanoma cells. The fragment V86 was a cloning 
artifact or derived from an in vivo recombination event 
isolated from a scFv phage library containing the randomly 

30 scrambled VH and VL regions of a patient immunized with 
genetically-modified autologous tumor cells (Cai and Garen, 
1996) . The strict specificity of V86 for melanoma cells was 
confirmed by immunohistochemical staining tests. The effect 
of adding a VL domain to the selected VH was examined and 
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it was observed that the presence of the light chain 
fragment resulted in loss of antigen recognition or in 
lower affinity. 

[0010] Reiter and colleagues chose a V H of a mouse 

5 monoclonal with a unique VH-VL interface as a scaffold for 
construction of a single -domain phage -display library 

(Reiter et al . , 1999) . The library, consisting of 4xlO a 
independent clones, was generated by the randomization of 
nine amino acid residues in HCDR3 . From these libraries 
10 specific binding clones for protein antigens were rescued. 
Monomeric VH proteins were subsequently prepared in E. coli 
starting from inclusion bodies. Binding studies 
demonstrated an affinity of 20 nM. 

15 VL domain derived libraries 

[0011] Recently it was suggested that it is feasible 

to isolate specific single-domain VL domains against 
diverse targets as previously done for single-domains VH . 
From a VL library derived from human B-cells and which was 

2 0 further diversified in its CDR regions and subjected to 

gene shuffling, several specific fragments for B7.1, B7 . 2 
or human IgG were obtained (van den Beucken et al . , 2001). 

CTLA4 domain 

25 [0012] The Cytotoxic T-lymphocyte Associated 

antigen- 4 is an important immunomodulatory protein 
expressed on the surface of T- lymphocytes . It binds to co- 
receptors B7 . 1 and B7.2. It is a 44 kDa homodimer, with 
each monomeric unit consisting of an extracellular variable 

3 0 domain joined via a stalk polypeptide in the membrane and 

an intracellular SH-2 binding domain. The variable domain 
consists of eight (B-strands and three CDR3-like loop 
structures and has two disulfide bonds to stabilize the 
structure. Hufton and colleagues used the extracellular 
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domain of CTLA-4 as a single immunoglobulin fold-based 
scaffold for the generation of novel binding ligands 
(Hufton et al . , 2000) . In their approach a phage display 
library was created by replacing the nine amino acid CDR3 - 
5 like loop of CTLA-4 with the sequence XXX-RGD-XXX (where X 
represents any amino acid) . Using phage display several 
CTLA-4 -based variants capable of binding to human 
alphavbeta3 integrin were retrieved. 

10 Minlbody or minimized fi-pleated proteins 

[0013] The minibody is an engineered version of a VH 

domain. In this molecule three strands were removed 
resulting in a 61 residue polypeptide consisting of a beta- 
pleated framework and only two hypervariable regions (CDR1 

15 and CDR2) . A library of 50 million minibodies was 
constructed and displayed on phage. From these libraries 
variants were isolated which inhibit human interleukin-6 in 
in vitro assays. From a selected set of minibodies 
competitive inhibitors for the protease encoded by the gene 

2 0 of the non- structural protein type 3 (NS3) from the 

hepatitis C virus were obtained as well (Vaughan and 
Sollazzo, 2001) . 

Shark derived New Antigen Receptor 
25 [0014] The new antigen receptor (NAR) from nurse and 

wobbegong sharks has been characterized and it was 
demonstrated that these receptors are dimers, each chain 
composed of one variable and five constant domains (Roux et 
al . , 1998) . No light chain or any other protein can be 

3 0 demonstrated to associate with this dimer. The NAR V-region 

conforms to the prototype of the immunoglobulin variable 
domain with the canonical disulfide bridge and three CDRs . 
This was demonstrated by sequencing both genomic DNA and 
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cDNA clones. At the primary sequence level a high homology 
with mammalian VH was observed. 

[0015] To determine whether these NARs function as 

antigen-binding proteins, NAR was used as scaffold for the 
5 construction of protein libraries in which part of the CDR3 
loop was randomized. The synthetic library was efficiently 
expressed on the surface of fd bacteriophage. Panning 
allowed the isolation of NAR proteins specific for 
Gingipain K protease from Porphyromonas gingivalis . 

10 Recently, Nuttall and colleagues demonstrated the 
involvement of these receptors in the immune response and 
hypothesized that these function as an antibody- like 
molecule (Nuttall et al . , 2001) . This was concluded from 
the finding that ant igen- specif ic NAR-f ragments were 

15 isolated out of the natural repertoire. Hudson's group is 
currently testing the immunization of sharks and 
subsequently will try to isolate binding molecules by 
ribosome display technology (Nuttall et al . , 2002) . In 
addition they provided evidence that NARs can be produced 

2 0 as monomeric fragments in E. coli and that these appear to 
be quite soluble, well folded and rather stable. 

Further size reduction 

[0016] The work of Kabat and Wu (Kabat and Wu, 1991) 

2 5 showed that within the VH domain HCDR3 plays a key role in 

determining antibody specificity. This observation is 
corroborated by structural studies where it is seen that 
invariably HCDR3 is involved in antigen binding and in 
general contributes most of the antigen contact surface 

3 0 area. 

[0017] This crucial role of HCDR3 parallels the 

peculiar genetic mechanisms that give raise to HCDR3 . HCDR3 
originates from the rearrangement of V, D, and J region 
sequence elements during lymphocyte maturation. Variations 



WO 03/050531 



PCT/BE02/00189 



8 

in the particular V, D, and J elements used, the precise 
location of points of recombination, and some random 
nucleotide addition are all elements that contribute to the 
extensive length and sequence heterogeneity of HCDR3 . From 
5 the work of Marks and colleagues (Marks et al . , 1991) the 
size of the human HCDR3 repertoire, not accounting the 
diversity increase due to somatic mutations, was estimated 

to consist of about 2.3 x 10 8 sequences. According to the 
work of Decker and colleagues (Decker et al . , 1991) it has 
10 been predicted that the size of the mouse HCDR3 repertoire 
of a specific VH gene rearranged to a specific J-minigene 
is at least 10 4 . 

[0018] While HCDR3 is playing a crucial role in 

antigen binding, this does not imply that the other CDRs 

15 have an insignificant role in antigen binding. Indeed, in 
general antigen binding is governed by interactions 
involving multiple CDRs (Mian et al . , 1991). However a 
number of cases have been reported where HCDR3 peptides 
show antigen binding mimicking the parental antibody. For 

20 example HCDR3 of PAC1, a murine Mab binding to the GPIIb- 
Illa platelet fibrinogen receptor, mimics PAC1 in 
inhibiting (Ki = 10ptM) fibrinogen mediated platelet 
aggregation (Taub et al . , 1989). More recently, it was 
shown that HCDR3 of IgGl bl2 (Saphire et al . , 2001) is 

25 capable of neutralizing HIV-1 variants albeit at an 
apparently higher IC50 as compared to the IgGl bl2 from 
which this HCDR3 was derived. This shows that at least some 
HCDR3 loop regions have the potential to be used in 
constructs that differ from the parental antibody. A nice 

3 0 example of such construct was provided by Smith and 
colleagues (Smith et al . , 1995) who showed that HCDR3 from 
Fab- 9, an antibody binding the beta 3-integrins with 
nanomolar affinity, could be grafted into the epidermal 



WO 03/050531 



PCT/BE02/00189 



9 

growth factor-like module of human t-PA resulting in a 
variant binding to platelet integrin with nanomolar 
affinity . 

[0019] That it may be useful to constrain somehow 

5 HCDR3 to mimic the parental antibody binding was recently 
shown for a 19 amino acids cyclic peptide comprising HCDR3 
of mAB63 (Deng and Notkins, 2000) . This cyclic peptide 
showed the same antigen binding pattern as the parental 
mAb63 . 

10 [0020] There are some important shortcomings in the 

prior art at several levels. 

[0021] Firstly, the antibody size reduction is 

arrested at the level of small protein domains (VH, 
minibodies, etc) . Such small protein domains may be endowed 

15 with desirable properties, especially the VHH domains 
derived from Camelid antibodies which are highly soluble 
and can bind with high affinity to a given antigen and do 
not cross-react with non-related antigen (Arbabi Ghahroudi 
et al . , 1997) . However, as these smaller constructs should 

20 still be considered as protein entities it is far from 
straightforward to further reduce their size such that the 
resulting constructs become amenable for the design or 
identification of small molecule analogues mimicking the 
binding of the larger construct. Hence, strategies to 

25 further reduce the antibodies size are needed. 

[0022] Secondly, while it is tempting to use HCDR3 

from VH or VHH domains as a next step for the size 
reduction, in view of their strong involvement in antigen 
binding (and perhaps especially so in the VHH scaffold 

30 wherein often HCDR3 loop is quite long and can penetrate 
cavity regions, e.g. the active site of an enzyme such as 
carbonic anhydrase (Desmyter et al . , 2001), only a limited 
number of cases have been reported wherein a HCDR3 peptide 
shows binding affinity mimicking the binding of the 
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parental antibody construct. As a consequence there is a 
need for techniques that allow to effectively and 
efficiently search or screen for cases wherein isolated 
CDR3 loops, especially HCDR3 loops, show significant 
5 binding to a given antigen of interest . 

[0023] Thirdly, there is need for rational 

strategies for size reduction such that structural 
information on the resulting construct, e.g. a HCDR3 loop 
region, can be obtained. Such structural information is 

10 important to initiate a further reduction leading to small 
molecule mimicking the binding of the original antibody 
construct to at least a significant extent, meaning that 
the binding is competitive with respect to the original 
antibody and is statistically significantly above the 

15 background signal as measured by assay systems, such as an 
ELISA system, as is known by a person skilled in the 
assessment of binding affinity. 
Aims of the invention 

[0024] The present invention aims to provide a 

20 method to identify, search or select peptides, preferably 
HCDR3 peptides, that bind to a given target or targets of 
interest. The method intends also to graft the found 
peptides to a suitable protein scaffold, immunoglobulin or 
other protein scaffold. This grafting may be advantageous 
25 if said scaffold is endowed with useful properties relating 
e.g. to targeting, solubility or stability. 
Summary of the invention 

[0025] The present invention concerns in a first 

aspect an isolated polypeptide micro- scaffold displaying 
3 0 immunoglobulin CDR2 or CDR3 polypeptide sequences, 
comprising a CDR2 or CDR3 polypeptide sequence 
interconnecting fragments of the adjacent framework 
polypeptide sequences, which are arranged to form two anti- 



WO 03/050531 



PCT/BE02/00189 



11 

parallel p-strands. Preferably, the CDR3 polypeptide 
sequences are HCDR3 polypeptide sequences. 

[0026] The micro- scaffold of the present invention 

preferably has said framework polypeptide sequences 
5 selected from the group consisting of naturally occurring 
immunoglobulin framework polypeptide sequences, mutated 
naturally occurring framework polypeptide sequences, and 
artificial consensus framework polypeptide sequences. In a 
preferred embodiment, said framework polypeptide sequences 
10 is a mutated naturally occurring framework polypeptide 
sequences comprising cysteine residues at Kabat numbering 
positions 92 and 104 arranged to form a disulphide bridge 
crosslink for increasing the conformational stability of 

the anti-parallel p-strands. 
15 [0027] The micro- scaffold according to the invention 

can be linked to a polypeptide suitable for presenting or 
expression of said micro-scaffold. 

[0028] Further, said polypeptide suitable for 

presenting or expression preferably is a surface protein of 
20 a viral system with a solvent accessible N-terminus or C- 
terminus . 

[0029] Another aspect of the present invention 

concerns an isolated nucleotide sequence encoding the 
polypeptide micro- scaffold of the present invention. 
25 [003 0] A further embodiment of the present invention 

is a vector comprising the isolated nucleotide sequence as 
mentioned above. 

[0031] In yet another aspect of the present 

invention, a CDR polypeptide library of micro-scaffolds 
30 according to the present invention is disclosed, 
characterised in that the CDR2 or CDR3 polypeptide 
sequences of a sufficient number of micro-scaffolds 
represent at least a significant fraction of a natural 
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repertoire. The CDR polypeptide library of the present 
invention preferably has said sufficient number of micro- 
scaffolds lies between 10 and 10 15 . 

[0032] In another aspect of the present invention, a 

5 CDR nucleic acid library of micro-scaffold nucleotide 
sequences according to the present invention is disclosed, 
characterised in that the CDR2 or CDR3 nucleotide sequences 
of a sufficient number of micro-scaffolds represent at 
least a fraction of a natural repertoire. 
10 [0033] In yet another aspect of the present 

invention, a method for creating a micro-scaffold according 
to the present invention, comprising the steps of: 

• Providing a CDR2 or CDR3 nucleotide sequence 
interconnecting fragments of its adjacent framework 

15 nucleotide sequences to obtain a micro- scaffold 

nucleotide sequence, and 

• Express said micro-scaffold nucleotide sequence in a 
suitable system. 

[0034] A further aspect of the present invention 

2 0 concerns a method for creating a CDR library displaying 
loops of immunoglobulin domains, comprising the steps of: 

• Prepare a CDR nucleic acid library as described above, 
and 

• Express said CDR nucleic acid library in a suitable 
25 system. 

[0035] The method is preferably further 

characterized in that said suitable system is a viral 
system having a surface protein with a solvent accessible 
N-terminus or C-terminus. 
30 [0036] A further aspect of the present invention 

concerns a method to search, select or screen for 
immunoglobulin CDR2 or CDR3 polypeptide sequences that bind 
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to a given antigen or mixture of antigens, comprising the 
steps of : 

• Creating a CDR library with the method of claim 13 from 
the genetic information of an individual or group of 

5 individuals, 

• Select a CDR which binds to said antigen or mixture of 
antigens . 

[0037] A further aspect of the present invention 

concerns a method to search, select or screen for 
10 immunoglobulin CDR2 or CDR3 polypeptide sequences that bind 
to a given antigen or mixture of antigens, comprising the 
steps of : 

• Creating a CDR library with the method of the invention 
from the genetic information of an individual or group 

15 of individuals, 

• Creating a VH, Fab, scFv or IgG library from the genetic 
information of said individual or said group of 
individuals, and 

• Selecting a CDR which binds to said antigen or mixture 
20 of antigens, in both said CDR library and said VH, Fab, 

scFv or IgG library. 
[0038] Yet another aspect of the present invention 

concerns a method to search, select or screen for 
immunoglobulin CDR2 or CDR3 polypeptide sequences that bind 
25 to a given antigen or mixture of antigens, comprising the 
steps of : 

• Creating a CDR library with the method of the invention 
from the genetic information of an individual or group 
of individuals, 

30 • Creating a non- immunoglobulin grafted CDR library using 
a non- immunoglobulin scaffold that is arranged arranged 
to comprise grafted CDR loops of said CDR library, and 
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• Selecting a CDR which binds to said antigen or mixture 
of antigens, in both said CDR library and said non- 
immunoglobulin grafted CDR library. 
[0039] In the method of the invention, wherein the 

5 individual or group of individuals can be either immunized 
or naive to the given antigen or mixture of antigens. 
[0040] Another aspect of the present invention 

concerns a method for designing, selecting or screening 
peptide molecules, with a sequence homologous or relative 
10 to the sequence of the CDR sequences identified by the 
method of any of the claims 15 to 18, said sequence binding 
to the antigen or mixture of antigens used. 

Short description of the drawings 
15 [0041] Figures 1 a and b both represent a micro- 

scaffold according to the present invention. 

[0042] Fig. 2 is a schematic representation of the 

amplification and cloning strategies for obtaining the 
human naive VH and HCDR3 microscaf f old (VH^ S ) libraries. 

20 [0043] Figure 3 shows the analysis on agarose gel of 

primary PCR products coding for the naive human VH gene 
products . 

[0044] Figure 4 shows purified PCR products coding 

for the human VH after a second amplification analysed on 
25 1.5% low-melting agarose. 

[0045] Figure 5 shows the analysis on agarose gel of 

primary PCR products coding for the VHH gene products from 
the immunized llama 

[0046] Figure 6 shows the analysis on agarose gel of 

3 0 the HCDR3 - sequences amplified from the dedicated VHH- 
library . 

[0047] Figure 7 represents the pAXOOl vector. 

[0048] Figure 8 represents the fdtet phage. 
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[0049] Figure 9 shows a western blot analysis of the 

gene3 fusion products of 8 different (llama VHH derived) 
HCDR3 clones. 

[0050] Figure 10 represents a phage ELISA test with 

5 polyclonal phage from non-selected libraries on IL-6, 1GE 

and the negative control (p-casein) . 

[0051] Figure 11 shows the enrichment after one 

round of selection on THF and CEA as visualized by the 
number of transfected E.coli colonies on agar plates. 
10 [0052] Figure 12 shows the length distribution of 

HCDR3 in the non- selected immune library derived from 
1 1 ama . 

Detailed description of the invention 

15 [0053] CDR libraries 

In view of observation that only occasionally isolated CDR 
loops, especially HCDR3 loops, have been found to bind 
towards a given target of interest, one needs a strategy to 
search for such cases starting from a repertoire of 

20 candidate CDR loops. In addition one should preferably 
restrain conf ormat ionally these CDR loops to mimic, at 
least to some extent, the loop anchoring on framework 
residues as observed in natural antibodies. There are at 
least two additional lines of thought which provide 

25 interesting elements motivating the use of HCDR3 as a 
source of biologically active peptides: 

[0054] Firstly, there is accumulating evidence that 

in the process of B cell maturation a selection of HCDR3 
sequence patterns occurs. For example, the HCDR3 of pre B 
30 cell frequently contain a consecutive stretch of 
hydrophobic residues, which appears to be rarely seen in 
mature B cells. On this basis it was hypothesized 

(Raaphorst et al . , 1997) that structural limitations by the 
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antigen binding site promote hydrophylic HCDR3 sequences 
via a process of positive selection. Clearly, one should 
not view the repertoire of HCDR3 loops as just a source of 
random peptides (in length and in sequence) . A random 
5 repertoire would be of limited use in view of its 
tremendous undersampling giving the finite repertoire size. 
Rather a HCDR3 peptide library should be viewed as a 
"biologically filtered" random peptide library. The 
undersampling is less of an issue as many biologically 
10 irrelevant sequences have been filtered out in the course 
of repertoire generation. 

[0055] Secondly, it is known for some time that 

natural (pre -immune) antibodies have polyreactive phenotype 
and this polyreact ivity (i.e. being able to recognize 
15 multiple epitopes) can be attributed to HCDR3 (Chen et al . , 
1991) . Most interestingly, in a study on Fab fragments 
retrieved from combinatorial IgG libraries prepared from 
the bone marrow of long term asymptomatic HIV seropositive 
donors (Ditzel et al . , 1996) it was shown that a 

2 0 constrained peptide based on a HCDR3 sequence was 

polyreactive and could inhibit the binding of the parental 
antibody to a panel of different antigens. The authors 
suggest that polyreactivity is associated with the 
conformational flexibility of HCDR3 . This view is supported 
25 by a study on the effect of amino acid substitutions in 
HCDR3 of an auto-antibody on its polyreactivity (Adib- 
Conque et al . , 1998). Substituting prolines into glycines 
in HCDR3 (expected to augment the loop's plasticity) 
resulted in Fab fragments that were highly polyreactive. 

3 0 Together these findings suggest that HCDR3 libraries, 

including naive HCDR3 libraries, may be a particularly rich 
source of binding structures and therefore may be ideally 
suited to screen for peptide drug leads. 
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Definitions 

[0056] All technical or scientific terms used herein 

have the same meaning as known or understood by someone 
skilled in the art of molecular genetics, nucleic acid 
5 handling, cloning, phage display, Polymerase Chain 
Reactions (PCR) and biochemistry. 

[0057] Standard techniques are always used to carry 

out the individual steps of the present invention as can be 
found in standard in e.g. PCR Protocols: A guide to Methods 

10 and Applications (Innis et al . , 1990. Academic Press, San 
Diego, CA) , Phage Display of Peptides and Proteins, A 
laboratory Manual (Brian K. Kay et al . , 1996, Academic 
Press, San Diego, CA) . These references are quoted here 
solely to illustrate that good reference books are readily 

15 available to document in detail all standard procedures. 

[0058] In the context of the present invention a 

number of definitions are specified. A repertoire is meant 
to be a collection of different entities, each represented 

20 by a certain copy-number (designating the number of times 
the given entity occurs in the repertoire) . These entities 
correspond generally to nucleic acid sequences, each of 
which in part or in whole encodes a peptide or polypeptide. 
The term repertoire denotes a collection of entities that 

25 exists in nature, such as e.g. the immunoglobulin 
repertoire of humans. The term library denotes a collection 
of entities obtained via molecular genetics or other means 
from a given repertoire of entities. The size of the 
repertoire or of the library corresponds to the number of 

30 different entities it contains. When the library is 
physically implemented in e.g. a suitable viral system such 
the M13 phage or phagemid systems, the size is often 
expressed in the number of so called unique clones, 
abbreviated as u.c. . 
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[0059] In the context of the present invention the 

libraries will be derived from nucleic acid sequences 
encoding the whole or parts of antibodies, preferably the 
variable domains (comprising the complementary determining 
5 regions also denoted as CDR regions) . 

[0060] The term "starting library" refers to the 

library of nucleic acid sequences, prior to exploring the 
library. By exploring is meant that the library is handled 
in such a way that (a) the peptide or polypeptide sequences 

10 encoded by each of the nucleic acid sequences held in the 
library are displayed on a vehicle that contains in its 
genetic material said nucleic acid sequence, (b) these 
vehicles are presented at some concentration to some target 
of interest for a certain time at given conditions of pH, 

15 ionic strength, temperature and pressure, (c) the bound 
vehicles are subsequently obtained by washing away the 
vehicles that are not bound to the target and subsequent 
eluting the bound vehicles by e.g. acid or other treatment, 
(d) the retrieved vehicles are subsequently propagated or 

20 amplified such that enough vehicles are produced to repeat 
the whole process, referred to as biopannning, starting 
from (b) . 

[0061] To overcome the shortcomings of the prior art 

2 5 the following procedure should be preferably followed. The 
procedure may be altered, or further optimized following 
state of art insights familiar to molecular biologists 
and/or biochemists. An essential step of the present 
invention is that the size reduction is achieved by a 
30 screening or selection process using a starting library of 
candidate constructs. The starting library, should contain 
between 10 and 10 12 candidate elements. Often, for 
practical reasons, the library size does not exceed 10 6 , 
10 7 , 10 8 or 10 9 candidate elements. Such libraries are also 
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considered as valuable and preferable. Ideally, the library 
should contain as many as possible constructs as someone 
familiar with the art of library generation is capable to 
make following state of the art techniques. In order to 
5 handle in practice a library, the library should contain 
all the genetic information needed to express the encoded 
polypeptides defined by the elements of the library. 
Typically, the library corresponds to a collection of 
different DNA segments (encoding the peptides or proteins 
10 of the library) , each of which is engineered (as can be 
done by any molecular biologist familiar with the state of 
art in the field of genetic engineering) in a vector of 
interest, be it a phagemid, phage, chromosome or other 
vehicle . 

15 [0062] Preferably, but not mandatory, these 

constructs will entail the HCDR3 regions of the heavy chain 
variable domains of a repertoire of antibodies derived by 
standard techniques, known by someone familiar with 
antibody engineering. Equally preferable, these constructs 

20 will entail the light chain CDR3 (LCDR3) regions of the 
light chain variable domains of a repertoire of antibodies. 
Less preferred are the regions corresponding to other loop 
regions in the variable domains of the heavy or light 
chains of a repertoire of antibodies. 

25 [0063] Libraries of antibodies or of antibody 

domains (such as VH of VHH in the Camelid antibodies) , 
referred to below as parental libraries, are obtained 
either from non- immunized individuals (one or more humans 
or animals) , such parental libraries being denoted as naive 

30 parental libraries , or from immunized individuals (one or 
more humans or animals) against one or more targets of 
interest, such parental libraries being denoted as 
dedicated parental libraries. The interest in starting from 
naive parental libraries should not be under-appreciated 
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and is motivated as follows. Firstly, it is not unlikely 
that a dedicated parental library may disfavor to some 
extent antibodies where antigen binding is fully driven by 
HCDR3 . This may occur if in the process of affinity 
5 maturation the interaction with the antigen is optimized 
via additional contributions provided by the other CDRs or 
by some framework residues. Clearly, this would lead to a 
situation where sub-optimal binders tend to be eliminated 
from the dedicated library. However, such binders are very 

10 valuable as these may yield new peptide drug leads that may 
be further optimized by e.g. spiked randomization of the 
retrieved CDR3 loop motifs. Secondly, working with a naive 
parental library is advantageous in the sense that it 
avoids repeated immunizations and library constructions. 

15 This is of particular importance when the antigen would 
represent for instance a biological hazard or toxic agent, 
which would raise complex safety issues with respect to the 
immunization of animals or humans. 



20 [0064] In the next step of the process and starting 

from a naive or from a dedicated antibody or antibody 
domain repertoire, one produces a library of CDR loops, 
preferably HCDR3 loops, wherein in each loop is anchored on 
an adjacent segments of residues to anchor the loop region 

2 5 and such that the base of the loop region gets 
conf ormationally constrained, i.e. it has reduced 
conformational freedom as compared to an isolated CDR loop. 
As these segments can be viewed as a scaffold to anchor the 
loop, these segments together with the CDR loop are denoted 

30 below as micro-scaffold. Hence, starting from a naive 
parental library, one obtains a naive micro- scaffold 
library and similarly starting from a dedicated parental 
library a dedicated micro- scaf fold library is obtained. To 
engineer the micro- scaffold library one can follow state- 
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of -the art techniques employing PCR steps with one ore more 
primers or sets of primers to amplify the CDR loops from a 
pool of DNA molecules obtained from the proper parental 
library (naive or dedicated parental library) in the 
5 context of the preceding and succeeding antibody framework 
residues. More specifically, it is preferable that the 
extension sites of these primers match with nucleotides at 
or near the end of the regions preceding and succeeding the 
CDR loop. This is because in general the sequence 

10 variability in the loops is considerably much larger than 
in the surrounding framework residues and consequently in 
order to amplify as much as possible the CDR library, the 
primers or set of primers should best be designed to match 
in the more conserved framework residues adjacent to the 

15 CDR. It is also useful to flank these primers with suitable 
restriction sequences for subsequent efficient cloning in 
any suitable vector of interest, be it a phagemid, phage or 
other vector. 

[0065] In the micro- scaffold approach addressing 

20 HCDR3 loops, the loops will be displayed in the micro- 
scaffold which is meant to conf ormat ionally restrain the 
base of the loop. In VH or VHH the HCDR3 loop is anchored 
on FR3 and FR4 . As these regions are extended structures 
implied in an ant i -parallel beta sheet organization at 
25 least the last part of FR3 and FR4 (the end of the variable 
heavy chain domain) are included in the micro-scaffold, 
thereby intending to constrain the base of the HCDR3 loop 
much as in the parental construct . The typical layout of 
the micro-scaffold is shown in Figure 1. 

30 

[0066] The micro- scaf fold library should preferably 

have a similar size as the associated parental library but 
may, in view of practical considerations, also be of a size 
smaller or even be considerably smaller as the parental 
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library. In order to provide enough anchoring to the CDR 
loop, the adjacent framework segments should be at least 
two, preferably 3, 4, 5 or even up to 10 or more residues 
in length. Preferably, the process intends to rescue the 
5 HCDR3 library expressed in the micro-scaffold context 
encompassing the end of framework region FR3 , typically 
residues 86 until 92 (using standard Kabat numbering) and 
the whole or most of the FR4 framework region. 

10 [0067] In a third, optional step of the process that 

specifically applies to HCDR3 derived micro- scaffold 
libraries, the base of the HCDR3 loop may further be 
conf ormationally restrained by the introduction of a non- 
natural disulfide bridge. Specifically, by substituting Gly 

15 104 (Kabat numbering) into Cys in FR4 , a non-natural 
disulfide bridge can be introduced with the conserved Cys 
92 (Kabat numbering) at the end of FR3 . In the micro- 
scaffold context, it is expected, in view of the proximity 
of both residues, that a disulfide bridge is likely to be 

20 made, thereby strengthening the base of HCDR3 . To engineer 
this Glyl04Cys substitution, one can typically, either 
starting from the library in step 2 or the library of step 
1, reinforce the substitution in the PCR amplification 
process using appropriate forward primers (matching in FR4 ) 

25 and using a backward primer (or set of backward primers) 
matching in FR3 . Typically, one will work with one or with 
a mixture of forward primers wherein the Gly codon is 
switched into Cys by one nucleotide substitution (G to T 
substitution in the first nucleotide of the codon) . 

30 Preferably, this substitution should be located at two, 
three, four or more nucleotides from the 3' extension point 
of the forward primer (s). Usually this substitution will be 
introduced starting from the micro-scaffold library of the 
previous step. Alternatively, the forward primers used to 
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generate the micro-scaffold library of the previous step 
may already carry the required substitution forcing the 
substitution into Cys at position 104. 

5 [0068] Subsequently, the micro- scaffold library, 

produced by step 2 or by step 3 (wherein a Cys was 
introduced at position 104 of FR4 ) , is expressed by 
applying standard techniques in such a way that the micro- 
scaffold encoded DNA is expressed as an polypeptide or as a 

10 polypeptide that is linked to another protein. Typically, 
the micro-scaffold will be anchored via an optional linker 
to the N-terminus of the minor coat protein pill of the M13 
phage enabling the display of the micro-scaffold library on 
phage or on phagemid particles. The advantage of this 

15 procedure is that the micro-scaffold library becomes then 
displayed on a vehicle that contains the necessary genetic 
material encoding the displayed polypeptide, thereby 
allowing to search/select for binding peptides in an 
iterative manner via standard phage display techniques 

2 0 known by anyone who is familiar with the techniques of 
phage display. Typically, two or three (and more rarely 
four or more) rounds of so-called biopanning are done with 
the micro-scaffold library against the target of interest. 
In the case a dedicated micro-scaffold library is used it 

25 is natural, but not mandatory, to biopan said library 
against one or more targets that were used in the 
immunization step prior to rescuing the antibody repertoire 
response . 

[0069] Concomitantly with this step, the parental 

30 library (naive or dedicated) will preferably be explored 
via the same or a similar protocol in biopanning against 
the same target of interest . 
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[0070] Finally, the retrieved binders obtained in 

the course of biopanning with the micro-scaffold library 
(after each of the rounds of biopanning) can be 
characterized by phage ELISA or similar techniques (that 
5 are familiar by anyone working in the field of phage 
display) . The genetic material obtained from a set of 
binding clones is subject to sequence analysis (which can 
at present be done using fully generic techniques) to 
determine the sequence of at least the CDR region of the 

10 micro-scaffold. It is customary to sequence a reasonable 
amount of clones (5, 10 or more clones) in order to 
identify in a sound statistical way which residues in the 
retrieved sequence patterns are likely to contribute to the 
antigen binding. Preferably, but not mandatory, the same 

15 analysis is done on the resulting binders of the biopanning 
with the parental library against the same target. The 
advantage is that by comparing the sequences retrieved from 
biopanning with both libraries (micro-scaffold and parental 
libraries) it is possible to identify which sequence 

2 0 patterns are common to both libraries, in order words it 
becomes possible to indicate which CDR loops bind to the 
given target in both structural contexts (parental 
construct and micro-scaffold construct). In case no 
biopanning is done with the parental library, such 

2 5 comparison cannot be done. However, in such case the 
procedure remains advantageous and valuable for at least 
two reasons . 

[0071] Firstly, peptide leads can be identified as a 

result of the biopanning procedure. As the peptides are 
30 conf ormat ionally constrained by the micro-scaffold, the 
peptides are presented in a less flexible way and this may 
well increase the likelihood to identify binding peptides 
especially directed against cavities on the surface of the 
antigen . 



WO 03/050531 



PCT/BE02/00189 



25 

[0072] Secondly, even one is not interested in 

peptide leads but only in protein-based therapeutic or 
diagnostic agents, the usage of the micro- scaffold library 
is advantageous. Indeed, as the found binding peptides 
5 (HCDR3 peptides in case the micro- scaffold corresponds to a 
HCDR3 naive or dedicated library) have been explored in a 
constrained way (fixing or restraining the base of the 
loop) , it becomes well feasible to graft the found peptides 
into a scaffold that would (a) expose the loop towards the 

10 solvent and (b) restrains the loop in similar way as in the 
micro-scaffold. Clearly, in view of the design of the 
micro-scaffold, the retrieved binding peptides are likely 
to be grafted on a antibody variable domain (VHH or VH in 
case the loop corresponds to a HCDR3 loop) , thereby 

15 conserving its binding towards the antibody. As a result 
the obtained construct (variable antibody domain with 
grafted binding loop) can be further used as a therapeutic 
or diagnostic agent. This procedure may become particularly 
attractive and become a generic procedure if the domain 

20 onto which the loop is grafted has first been de-immunized 
to ensure that it does not contain any T cell epitopes. 
[0073] Thirdly, the found peptides can be grafted on 

a scaffold of known 3D structure that has anchoring 
positions for the loop that are compatible with the micro- 

25 scaffold structure. Clearly, antibody domains are ideal 
candidates for this as many structures are known and' in 
view of the design of the micro- scaffold, the loop can be 
grafted on framework residues that are encompassed in the 
micro-scaffold definition. But also, other proteins can be 

30 used, such as BPTI (bovine pancreatic trypsin inhibitor) 
that contain ant i -parallel beta-strands organized in a 
sheet. In this case the loop can be inserted as a 
connecting loop between the beta-strand of the sheet. 
Following the grafting the binding capacity against the 
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original antigen should be assayed. If binding is 
confirmed, the loop conformation may be identified via X- 
ray crystallography of the protein or protein domain on 
which the loop was grafted. Clearly, based on the obtained 
5 structural information, pept idometric research can be 
initiated to design small molecules mimicking the loop 
conformation . 

[0074] Fig. 1 a and b both represent a micro- 

scaffold according to the present invention. This figure 

10 shows two HCDR3 loops taken out of two different 
structurally known VH domains, anchored on the FR3 and FR4 
regions that where truncated to match the design of the 
micro -scaffold. It is clearly seen, that the anti -parallel 
beta sheet is well preserved and that, as expected, the 

15 structural variability fully resides in the HCDR3 loop (1) . 
The dashed lines in fig.l a highlight the hydrogen binding 
network 2 in the micro-scaffold. Fig. 1 b shows a detailed 
look of a particular example of a HCDR3 loop anchored on 
the micro-scaffold 3. This picture illustrates that the 

2 0 base of the HCDR3 loop can be further restrained by 

engineering a non-natural disulfide bridge (4) between 
framework residues at the end of FR3 and the beginning of 
FR4 . One preferably engineers this disulfide bridge between 
position 92 (Kabat numbering) , a conserved Cys residue and 
25 position 104 (Kabat numbering) a conserved Gly residue. 
Other sites to introduce a disulfide bridge might also be 
considered . 

Experimental examples 

3 0 Example 1: Construction of human naive VH and VH micro- 

scaffold (VH^ S ) libraries 

[0075] The naive VH and VH MS libraries are built in 

parallel, following the procedure shown in Figure 2. The 
first three steps (RNA isolation, cDNA reaction and 
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libraries. The obtained PCR fragments of the primary 
amplification of the heavy chains are then used as template 
for the construction of the VH and VH MS libraries. 

5 

RNA isolation 

[0076] mRNA from peripheral blood lymphocytes (PBL) 

from 10 healthy donors was extracted as described by 
Chomczynski et al . , 1987. Briefly, after isolation of the 
10 PBL on a Ficoll -Hypacque gradient, the cell pellet was 
dissolved in 8 M guanidinium thiocyanate, 25 mM citric 

acid, 17 mM N-lauroyl sarcosine and 0.1 M p-mercapto- 
ethanol . Chromosomal DNA was sheared by passing through a 
19 Gauge needle and a 23 Gauge needle. Next, two phenol - 

15 chloroform extractions followed by two ethanol 
precipitations were performed. RNA was resuspended in 70% 
ethanol and 2 0mM sodium acetate pH4 . 0 and stored at -80°C. 
The total yield of RNA for the 10 donors varied between 300 
/ig to 950 fig as determined by OD 26 o:28onm measurement. 5 /xg 

20 mRNA was treated with 1 M glyoxal, 50% DMSO, 10 mM NaH 2 P0 4 
(pH7) for 1 hr at 50°C and analysed on a 1 % agarose gel. 
The gel was stained in 10 /xg/ml ethidiumbromide in 50 mM 
NaOH for 30 min and destained in 0 . 5 M Tris-HCl (pH7.5) for 
3 0 min. 

25 

cDNA reaction 

[0077] Random primed or oligo-dT cDNA was prepared 

from 2 00 /ig mRNA, by heat denaturation of RNA for 5 min at 
65 °C in the presence of 10 /xg oligo-dT or random primers 
3 0 (Amersham Pharmacia Biotech, Uppsala, Sweden) . 

Subsequently, buffer and 10 mM DTT was added according to 
the manufacturers instructions (Invitrogen, Merelbeke, 
Belgium) together with 500 fxM dNTP (Amersham Pharmacia 
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Biotech, Uppsala, Sweden) , 400 units RNAsin (Promega) and 
1,000 units MMLV reverse transcriptase (Invitrogen, 
Merelbeke, Belgium) in a total volume of 250 /xl . After 2 
hrs incubation at 42 °C, the cDNA was purified by means of 
5 two phenol -chloroform extractions and an ethanol 
precipitation and dissolved in 100 fil distilled water. 

Amplification of human heavy chain variable regions from 
IgG and IgM 

10 [0078] The complete IgG and IgM genes were amplified 

with oligo-dT primer combined with family specific VH-Back 
primers (Table 1) on oligo-dT primed cDNA as template 
according to the methods as described in EP01205100 . 9 . The 
IgG amplicons (1.6kB) and the IgM amplicons (2.1 kB) were 

15 gel purified and used as template for a secondary 
amplification for introduction of a Sfil-slte in the Back- 
primers as is described in the next section. 

[0079] Alternatively, primary amplification of the 

genes coding for the variable regions of the heavy chains 

20 was performed with two different sense primers (Hu-IgGl- 
CHl-For and Hu- IgM-CHl -For) to obtain the IgG and IgM 
repertoire. The sense primers are located in the 3' part of 
the constant region of the heavy chain. Eight different 
antisense primers located in the 5' part of VH (called VH- 

25 Back) were used. Highly homologous antisense primers were 
combined in the same reaction, resulting in five different 
combinations for the sense primer Hu-IgGl-CHl-For and Hu- 
IgM-CHl-For. The oligonucleotide primers used for the 
primary amplification of the heavy chain variable regions 

30 are shown in Table 1. 



A . PRIMARY AMPLIFICATION ( 5 ' - >3 ' ) 


VH1B/7A-Back 


CAGRTGCAGCTGGTGCARTCTGG 
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VHlC-Back 


SAGGTCCAGCTGGTRCAGTCTGG 


VH3B-Back 


SAGGTGCAGCTGGTGGAGTCTGG 


VH5B-Back 


GARGTGCAGCTGGTGCAGTCTGG 


VH4C~Back 


CAGSTGCAGCTGCAGGAGTCSGG 


VH6A-Back 


CAGGTACAGCTGCAGCAGTCAGG 


VH2B-Back 


CAGRTCACCTTGAAGGAGTCTGG 


VH4B-Back 


CAGGTGCAGCTGCAGCAGTGGGG 


Hu-IgGl-CHl-For 


GTCCACCTTGGTGTTGCTGGGCTT 


Hu-IgM-CHl-For 


TGGAAGAGGCACGTTCTTTTCTTT 


B. SECONDARY AMPLIFICATION (5'->3') 


VH1B/7A-Sfil-Back 


GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCCAGRTG 
CAGCTGGTGCARTCTGG 


VHIC-Sf il-Back 


GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCSAGGTC 
CAGCTGGTRCAGTCTGG 


VH3B-Sf il-Back 


GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCSAGGTG 
CAGCTGGTGGAGTCTGG 


VH5B-Sf il-Back 


GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGARGTG 
CAGCTGGTGCAGTCTGG 


VH4C-Sf il-Back 


GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCCAGSTG 
CAGCTGCAGGAGTCSGG 


VH6A-Sf il-Back 


GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCCAGGTA 
CAGCTGCAGCAGTCAGG 


VH2B-Sf il-Back 


GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCCAGRTC 
ACCTTGAAGGAGTCTGG 


VH4B-Sf il-Back 


GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCCAGGTG 
CAGCTGCAGCAGTGGGG 


JHl/2-NotI-For 


GAGTCATTCTCGACTTGCGGCCGCTGAGGAGACGGTGAC 
CAGGGTGCC 


JH4/5-NotI-For 


GAGTCATTCTCGACTTGCGGCCGCTGAGGAGACGGTGAC 
CAGGGTTCC 


JH3-NotI-For 


GAGTCATTCTCGACTTGCGGCCGCTGAAGAGACGGTGAC 
CATTGTCCC 
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JH6-NotI-For 


GAGTCATTCTCGACTTGCGGCCGCTGAGGAGACGGTGAC 




CGTGGTCCC 



Table 1 



[0080] The primary PCR was performed in 50 fil 

reaction volume using 25 pmol of each primer. 2.5 /xl random 
5 primed or oligo-dT cDNA was used as template, which is the 
equivalent of 5/xg mRNA. The reaction conditions for the 
primary PCR were 11 min at 94 °C, followed by 30/60/120 sec 
at 94/55/72 °C for 30 cycles, and 5 min at 72°C. All 
reactions were performed with 2.5 mM MgCl 2 , 2 00 fiM dNTP 

10 (Roche Diagnostics, Brussels, Belgium) and 1.25 U AmpliTaq 
Gold DNA polymerase (Applied Biosystems, Lennik, Belgium) . 
[0081] All the PCR products were separated on a 1 % 

agarose gel and the DNA was eluted using the QIAquick gel 
extraction kit or QIAEXII (Qiagen, Westburg, Leusden, The 

15 Netherlands) (Figure 3) . 

Construction of human naive VH library 
Amplification of VH fragments 

[0082] The gel purified complete IgG- and IgM-genes 

20 were re-amplified with oligo-dT primer and extended Back- 
primers containing a Sfil-site. After gel purification the 
products were digested with Sfil and BstEII; the latter 
restriction enzyme cuts in most VH derived J-sequences. 
[0083] Alternatively, a secondary amplification of 

25 the obtained PCR fragments of the heavy chain variable 
regions obtained with the CHI -primers of IgGl or IgM was 
performed using four sense primers with NotI restriction 
sites in two combinations and 8 antisense primers with Sfil 
restriction sites in five combinations (Table 1) . The sense 
30 primers are located in the J region while the antisense 
primers are located in the 5' part of VH . The reaction was 
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performed in 50 fil reaction volume with 25 pmol of each 
primer and 30 ng of purified DNA. The reaction conditions 
for the secondary PCR were 11 min at 94 °C, followed by 
30/60/120 sec at 94/55/72 °C for 30 cycles, and 5 min at 
5 72 °C. All reactions were performed with 2.5 mM MgCl 2 , 200 
fiM dNTP (Roche Diagnostics, Brussels, Belgium) and 1.25 U 
AmpliTaq Gold DNA polymerase (Applied Biosystems, Lennik, 
Belgium) . 

[0084] All PCR products were separated on 1.5% 

10 agarose gel. The DNA was eluted using the QIAquick gel 
extraction kit or QIAEXII (Qiagen, Westburg, Leusden, The 
Netherlands) . Some of the results are shown in Figure 4. 

Electroporation of bacterial cells 

15 [0085] The PCR products of the secondary 

amplification were digested with Sfil and BstEll or NotI in 
separate reactions. After desalting the digestion reactions 
with Microcon-YM-3 0 (Amicon, Beverly, MA, USA) , 500 ng of 
PCR fragments were ligated to 5 /ig vector pAXOOl linearized 

20 with Sfil and BstEII or NotI (see section Methods) using T4 
DNA ligase (Promega, Leiden, The Netherlands) . After 
desalting the ligation reactions with Microcon-YM-30 , 10 fil 
of the ligation products were mixed with 100 fil of 
electrocompetent TGI cells (see section Methods) and placed 

25 on ice. The cell/DNA mixture was transferred to 0.2 cm 
cuvettes (Biorad, Nazareth, Belgium) and pulsed in the 
Biorad Gene pulser™ (200 Ohm, 25 fxFD , 2.5 kVolt, 4-5 
mSec) . After electroporat ion, 1 ml 2TY medium was added to 
the cuvettes and the mixture was transferred to a tube. The 

30 cells were plated on LB-agar containing 100 fig/ml ampicilin 
and 2% glucose using 30 cm 2 square petridishes . Also, 

dilutions (10" 2 to 10" 6 ) were plated in 9-cm 0 petridishes 
to determine the size of the libraries. The library was 
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harvested after overnight incubation at 37 °C by flooding 
the plates with 5-10 ml 2TY/ampicilin /glucose and 
detaching the cells by scraping with a sterile spreader. 

5 Construction of human naive YMtjs library 
Amplification of human HCDR3 repertoire 

[0086] To generate the human HCDR3 library, the PCR 

fragments of the primary amplification of the heavy chain 
variable regions (see section Amplification of heavy 
10 chains) were amplified by using sense primers located in 
the framework 4 and antisense primers located in the 
framework 3 of VH of the heavy chain variable regions. The 
oligonucleotide primers for the amplification of HCDR3 are 
described in Table 2 . 



A. primary amplification 


ExBackl 


5 ' - GACACGGCCGTNTATTACTGTG - 3 ' 


ExBack2 


5 ' - GACACGGCCGTNTATTATTGTG - 3 ' 


ExBack3 


5 ' -GACACGGCTGTRTATTTCTGTG-3 ' 


ExForl 


5' - GACCAGGGTBCCCTGGCCCCA- 3 ' 


ExFor2 


5 ' - GACCGTGGTYCCTTGGCCCCA- 3 ' 


ExFor3 


5 ' -GACCAGGGTGCCACGGCCCCA- 3 ' 


B. Secondary amplification (5 7 -> 3') 


ExBackl - Sfi I 


GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGACACGGCCGT 1 
NTATTACTGTG 


ExBack2 -Sfil 


GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGACACGGCCGT 
NTATTATTGTG ! 


ExBack3 -Sfil 
— - 


GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGACACGGCTGT i 
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RTATTTCTGTG 


ExForl-IVot I 


GAGTCATTCTCGACTTGCGGCCGCTGAACCGCCTCCGACCAGGG 
TBCCCTGGCCCCA 


ExFor2-ATotJ 

* ■ 


GAGTCATTCTCGACTTGCGGCCGCTGAACCGCCTCCGACCGTGG 
TYCCTTGGCCCCA 


ExFor3 - Not I 


GAGTCATTCTCGACTTGCGGCCGCTGAACCGCCTCC 
GACCAGGGTGCCACGGCCCCA 



[0087] The PCR reaction was performed in 50 of 

reaction volume with 25 pmole of each primer and 1 ng or 
0.1 ng of purified DNA. The 1 reaction conditions for the PCR 
5 were 10 min at 94 °C, followed by 30/30/60 sec at 94/55/72 
°C for 25 cycles, and 10 min at 72 °C. All reactions were 
performed with 2.5 mM MgCl 2 , 200 fxM dNTP (Roche 
Diagnostics, Brussels, Belgium) and 2.5 U AmpliTaq Gold DNA 
polymerase (Applied Biosystems, Lennik, Belgium). 
10 [0088] All PCR products were separated on 4 % low- 

melting agarose gel and the DNA was eluted using the 
QIAquick gel extraction kit or QIAEXII (Qiagen, Westburg, 
Leusden, The Netherlands) . 

[0089] A reamplif ication of the obtained HCDR3 

15 fragments with Sfil and NotI restriction tagged 
oligonucleotides was performed to generate the VH^ S library 

(Table 2) . Combinations of primers were used. The PCR 

reaction was performed in 50 |ul of reaction volume with 25 
pmole of each primer and 1 ng of purified DNA. The reaction 
2 0 conditions for the PCR were the same as described above. 

All PCR products were separated on 1.5 % low melting 
agarose gel and the DNA was eluted using the QIAquick gel 
extraction kit or QIAEXII (Qiagen, Westburg, Leusden, The 
Netherlands) . 
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Electroporation of bacterial cells. 

[0090] The procedures used here are the same as 

those described for the VH library. 90 - 2 60 ng fragment 
5 was ligated into 450 - 1300 ng of the pAXOOl display vector 
linearized with Sfil and NotI, using T4 DNA ligase 
(Promega, Leiden, The Netherlands) . 

Conclusion; 

10 [0091] From the 10 donors, 10 individual libraries 

were constructed for both IgG and IgM repertoires. This was 
done for VH and VH MS (i.e. the HDCR3 library in 
microscaf f old format), resulting in 40 libraries. After 
assessing their quality, these individual libraries finally 

15 were pooled together to obtain four libraries: VH/IgM, 
VH/lgG, VH MS /lgM and VH^g/IgG. 

Example 2 : Construction of llama dedicated VHH and VHH MS 
libraries . 

2 0 Llama, immunization 

[0092] Two llamas were immunized according to animal 

welfare regulations. A cocktail of antigens (IL-6, 
TNFalpha, IgE, Von Willebrandt Factor, I domain, Ghrelin, 
Motilin, Gplb, Carcino Embryonic Antigen (CEA) ) was 

25 formulated in Specol adjuvant. The immunization scheme used 
is depicted in Table 3 . 





Immunization 


Sampling 


Day 


Llama 2 


Llama 4 


Llama 2 


Llama 4 


0 


Max dose 


Max dose 


150 ml blood 


150 ml blood 


7 


Max dose 








14 


% dose 








21 


y 2 dose 


Max dose 
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2 8 


% dose 




10 ml blood 


10 ml blood 


3 5 


% dose 








3 9 






150 ml blood + 
lymph node 




42 




X A dose 


-ii — r\ TIT T 

150 ml blood 




A fZ" 

4 5 






150 ml JDlooa 




70 




y 2 dose 






74 








150 ml blood + 
lymph node 


80 








150 ml blood 



Table 3 : Immunization scheme of llamas 



VHH library construction 

[0093] RNA was isolated from blood and lymph nodes 

5 according the method described by Chomzcynski and Sacchi , 
1987. cDNA was prepared on 100 jig total RNA with M-MLV 
Reverse Transcriptase (Gibco BRL) and a hexanucleot ide 
random primer (Amersham Biosciences) or oligo-dT primer as 
described before (de Haard et al . , 1999) . The cDNA was 

10 purified with a phenol /chloroform extraction combined with 
an ethanol precipitation and subsequently used as template 
to specifically amplify the VHH repertoire. The complete 
heavy chain derived IgG genes from the Cameloid heavy-chain 
antibodies (1.3 kB) and the conventional antibodies (1.65 

15 kB) were amplified with oligo-dT primer combined with FR1- 
primer ABL013 ( 5 ' -GAGGTBCARCTGCAGGASTCYGG- 3 ' ) on oligo-dT 
primed cDNA as template according to the methods described 
in EP01205100 . 9 . The heavy chain antibody derived IgG 
amplicon was gel purified and used for cloning after 

20 digestion with PstI (introduced in FRl-primer) and BstEII, 
which naturally occurs in the FR4 -region. 

[0094] Alternatively, the repertoire was amplified 

in a hinge -dependent approach using two IgG specific 
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oligonucleotide primers. In a single PCR reaction FRl - 
primer ABL013 was combined with a short (5'- 
AACAGTTAAGCTTCCGCTT GCGGCCGC GGAGCTGGGGTCTTCGCTGTGGTGCG - 3 ' ) 
or long ( 5 ' -AACAGTTAAGCTTCCGCTT GCGGCCGC TGGTTGTGGTTTTGGTGTC 
5 TTGGGTT- 3 ' ) hinge primer known to be specific for the 
amplification of heavy-chain variable region gene segments. 
[0095] A PstI (bold) and No tl (bold underlined) 

restriction site was introduced within the FRl and hinge 
primers respectively, to allow cloning. Subsequently, the 

10 DNA fragments were ligated into the Pstl-BstEXI or Pstl- 
Notl digested phagemid vector pAXOOl, which is identical to 
pHENl (Hoogenboom et al . , 1991) , but encodes a 
carboxy terminal (His) 6 - and c-myc-tag for purification and 
detection, respectively. The ligation mixture was desalted 

15 on a Microcon filter (YM-50, Millipore) and electroporated 
into E. coli TGI cells to obtain a library. The transformed 
cells were grown overnight at 37°C on a single 20x20 cm 
plate with LB containing 100 jag/ml ampicillin and 2% 
glucose. The colonies were scraped from plates using 2xTY 

20 medium and stored at -80°C in 20 % glycerol. 

[0096] Finally, after electroporation of TGI cells, 

6 immune libraries were obtained. These are described in 
the Table 4 . 



Llama 


Source 


Size 


Total 


Llama 2 


PBL time 1 


1.87 10 7 


2 = 1.16 10 9 


Llama 2 


PBL time 2 


1.13 10 9 


Llama 2 


Lymph node 


1.2 6 10 7 


Llama 4 


PBL time 1 


1.75 10 a 


2 = 2.26 10 8 


Llama 4 


PBL time 2 


2.17 10 6 


Llama 4 


Lymph node 


4.9 10 7 



25 Table 4: features of the 6 immune libraries 



WO 03/050531 



PCT/BE02/00189 



37 

HCDR3 amplification 

[0097] DNA was prepared from all 6 immune libraries 

and used as template. The backward and forward primers were 
designed in order to maximally cover the HCDR3 repertoire. 

5 

FR3 - backward primers 

GACACGGCCGBCTATTACTG 

GACACGGCCGTTTATWACTG 

GACACGGCCGTGTATTAYTG 
1 0 GACACGGCCGTCTATTWTTG 

GACACGGCCGWTTATTATTG 

GACACGGCCATYTATTWCTG 

GACACGGGACTYTATTACTG 
aa : D T A V Y Y C 

15 

FR4 - forward primers 
A GGGGCCAGGGVACYCAGGTC 

compl : GACCTGRGTBCCCTGGCCCC Exforl 

B GGGGCMAAGGGACCMAGGTC 
2 0 compl: GACCTKGGTCCCTTKGCCCC Exfor2 

C GRGGSCCGGGGACCCAGGTC 

compl : GACCTGGGTCCCCGGSCCYC Exfor3 

D GGGGDCAGGGGACCCAGGTC 

compl : GACCTGGGTCCCCTGHCCCC Exfor4 

2 5 E ACGGCCAGGGGACCCAGGTC 

compl : GACCTGGGTCCCCTGGCCGT ExforS 

aa: G Q G T Q V 



Exbackl 
Exback2 
Exback3 
Exback4 
ExbackS 
ExbackS 
Exbackl 



Combinations of primers were made to decrease the number of 
30 amplifications (Table 5) . 



PI 


Exback 


3 




Exback 


4 
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Exback 5 


P2 


Exback 1 


Exback 2 


Exback 6 


Exback 7 


P J 


Exror 1 


Exfor 2 


Exfor 3 


Exfor 4 


P4 


Exfor 5 



Table 5: Combinations of primers used in the first 
amplification of the HCDR3 regions 

[0098] For each template 4 reactions were performed 

using different forward/backward primer combinations (Pl- 
5 P3, P1-P4, P2-P3, P2-P4) . Primary amplifications were 
carried out in 50 fil volume using 2.5 units Amplitaq Gold 
(Applied Biosystems) , 0.2 mM dNTP, 25 pmol backward primer, 
25 pmol forward primer, 1 or 0 . 1 ng template, following the 
program depicted in Table 6. Amplifications were analyzed 
10 on 4 % low-melting agarose. The resulting products are 
shown in figure 5. 



Time 


Temperature ( ° C ) 


Cycling 


10 min 


94 




3 0 sec 


94 


25 times 


3 0 sec 


55 


1 min 


72 


10 min 


72 





Table 6: program used in the first amplification. 



[0099] The PCR products of the primary 

15 amplifications were gel purified and used as template for 
the secondary amplification reactions using the following 
primers . 
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FR3 - backward primers 

GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGACACGGCCGBCTATTACTG 
(Exbacklsfi ) 

5 GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGACACGGCCGTTTATWACTG 
(Exback2sf± ) 

GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGACACGGCCGTGTATTAYTG 
(Exback3sfi ) 

GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGACACGGCCGTCTATTWTTG 
10 (Exback4sfi ) 

GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGACACGGCCGWTTATTATTG 
(ExbackBsfi ) 

GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGACACGGCCATYTATTWCTG 
{ExbackSsfi ) 

15 GTCCTCGCAACTGCGGCCCAGCCGGCCATGGCCGACACGGGACTYTATTACTG 
(Exback7sfi ) 



FR4 - forward primers 

GAGTCATTCTCGACTTGCGGCCGCTGAACCGCCTCCGACCTGRGTBCCCTGGCCCC 
2 0 (Exforlnot) 

GAGTCATTCTCGACTTGCGGCCGCTGAACCGCCTCCGACCTKGGTCCCTTKGCCCC 
( Exfor2not ) 

GAGTCATTCTCGACTTGCGGCCGCTGAACCGCCTCCGACCTGGGTCCCCGGSCCYC 
(Exfor3not) 

2 5 GAGTCATTCTCGACTTGCGGCCGCTGAACCGCCTCCGACCTGGGTCCCCTGHCCCC 
( Exfor4not ) 

GAGTCATTCTCGACTTGCGGCCGCTGAACCGCCTCCGACCTGGGTCCCCTGGCCGT 
(ExforSnot ) 



30 FR4 - forward primers with introduction CYS(104; 

GAGTCATTCTCGACTTGCGGCCGCTGAACCGCCTCCGACCTGRGTBCCCTGGCACCA 
(ExforlcysWnot ) 

GAGTCATTCTCGACTTGCGGCCGCTGAACCGCCTCCGACCTGRGTBCCCTGGCACCT 
(ExforlcysRnot ) 
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GAGTCATTCTCGACTTGCGGCCGCTGAACCGCCTCCGACCTKGGTCCCTTKGCACCA 
{Exfor2cysWnot) 

GAGTCATTCTCGACTTGCGGCCGCTGAACCGCCTCCGACCTGGGTCCCCGGSCACCA 
( Ex for 3 cys Wno t ) 

5 GAGTCATTCTCGACTTGCGGCCGCTGAACCGCCTCCGACCTGGGTCCCCGGSCATCT 
( Ex for 3 cysRno t ) 

GAGTCATTCTCGACTTGCGGCCGCTGAACCGCCTCCGACCTGGGTCCCCTGHCACCA 
( Ex for 4 cys Wno t ) 

GAGTCATTCTCGACTTGCGGCCGCTGAACCGCCTCCGACCTGGGTCCCCTGGCAGTA 
10 (ExforScysWnot) 

[0100] To decrease the number of these 

amplifications, combinations of primers were used as 
depicted in table 7 : 



PI 


Exback 3 Sf i 


Exback 4 Sfi 


Exback 5 Sfi 


P2 


Exback 1 Sfi 


Exback 2 Sfi 


Exback 6 Sfi 


Exback 7 Sfi 


P3 


Exfor 1 Not 


Exfor 2 Not 


Exfor 3 Not 


Exfor 4 Not 


P4 


Exfor 5 Not 


P3 ' 


ExforlcysWnot 


Exf orlcysRnot 


Exf or2cysWnot 


Exf or3cysWnot 


Exf or3cysRnot 


Exf or4cysWnot 


P4 ' 


ExforScysWnot 
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Table 7: Combinations of primers used in the second 
amplification of the HCDR3 regions 

[0101] For each template 8 reactions were performed 

using different forward/backward primer combinations (Pl- 
5 P3, P1-P4, P2-P3, P2-P4, P1-P3', P1-P4', P2-P3', P2-P4')- 
The secondary amplifications were carried out in 50 jil 
volume using 2.5 units Amplitaq Gold (Applied Biosystems) , 
0.2 mM dNTP , 2 5 pmol backward primer, 2 5 pmol forward 
primer, 1 ng template. The reactions were carried out in 
10 quadruplicate giving a final volume of 200 fil . The 
following program (table 8) was used: 



Time 


Temperature 

(°C) . 


Cycling 


10 min 


94 




30 sec 


94 


25 times 


30 sec 


55 


1 min 


72 


10 min 


72 





Table 8: Program used in the second amplification 

[0102] All PCR products were separated on 1.5 % low- 

melting agarose gel (Figure 6) and digested with Notl and 

15 Sfil. Fragments derived from the same template source 
(llama, tissue) were pooled. Product with or without 
Cysteine in FR4 were kept separate. 90 - 260 ng fragment 
was ligated to 450 - 1300 ng of the pAXOOl display vector, 
linearized with Sfil and Notl. The diversity obtained after 

20 electroporation of TGI cells is described in the Table 9. 



pAXOOl 


Llama 


Source 


Size 


Total 


Llama 2 


PBL time 1 


9 10 5 




Llama 2 


PBL time 2 


7.2 10 6 


2=7 10 7 
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Llama 2 


Lymph node 


6.12 10 7 




Llama 2 + Cysteine 


PBL time 1 


1.26 10 7 


2=3.66 10 7 


Llama 2 + Cysteine 


PBL time 2 


1.2 10 7 


Llama 2 + Cysteine 


Lymph node 


1.2 10 7 



Table 9: VHH^ S libraries 

[0103] The percentage of insert containing clones 

was determined in PCR using the M13 reverse and gene3 
forward primer. The results are presented in Table 10. 





% insert 


PBL time 1 


84 


PBL time 2 


81 


Lymph node 


100 


PBL time 1 + Cysteine 


97 


PBL time 2 + Cysteine 


97 


Lymph node + Cysteine 


94 



Table 10: Percentage insert of VHH HCDR3 libraries 

[0104] A number of clones of the library was picked 

randomly and used for expression of the HCDR3-gene 3 
fusion. Each clone was grown in 1 ml of culture (2TY / 

10 ampicillin / 0.1 % glucose) at 37°C and induced at an OD600 
of 0.9 by addition of IPTG to a final concentration of 1 
mM. After 4 hours continued growth the cells were harvested 
by centrif ugat ion and dissolved in 200 ml Laemmli buffer; 5 
ml was loaded on 15% PAGE after boiling for 5 minute. After 

15 electroblott ing the HCDR3 -derived products were detected 
with the anti-MYC antibody 9E10, which recognizes the 
carboxyterminal peptide tag (see Figure 9) . 

[0105] The quality of the pAXl -library was analyzed 

by a phage ELISA, in which polyclonal phage prepared from 
20 the non-selected library were tested in dilution series on 
the antigens IL-6, TNFalpha, IgE and CEA. Bound phage was 
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detected with an ant i -phage M13 gene8 mAB (Amersham 
Biosciences) . Specific signals were found with all tested 
antigens, while no response was seen against the irrelevant 
antigen P-casein (see Figure 10) . 

5 

Example 3; Selection on chemokine receptors CXCR4 and CCR5 
by using naive VH, VH^ S and VHH^s libraries. 

[010 6] Human glioma cells expressing CD4 and human 

chemokine receptors CXCR4 or CCR5 (Centralized Facility for 
10 AIDS Reagents, NIBSC, UK) were grown in 85% DMEM, 15% heat 

inactivated foetal calf serum, 300 |ug/ml G418 and 1 jug/ml 
of puromycine to confluent monolayers in 6 well culture 
plates. 10 13 phages / phagemid particles of the VH, 

VHH^ a and VH^g library with a diversity of 10 10 unique clones 
15 for human libraries and 10 7 unique clones for the llama 
library were incubated in 1 ml culture medium with the 
adherent glioma cells for 3.5 hrs at 4°C. Following 5 
washes with culture medium with 5 minute incubation between 
the washes, bound phages / phagemids were eluted for 10 
20 minutes with 0 . IN glycine pH 2.2. After neutralization with 
1M Tris-HCl buffer. pH 8.1, eluted phages / phagemids were 
used to infect exponentially growing E. coli TGI cells. 

Bacteria were plated on LB agar plates with 100 jug/ml 
ampicillin or tetracyclin and 2% glucose. Phages were 

2 5 prepared from bacteria and phagemids were rescued by using 

M13K07 helper phages to use in a next selection round. 
Different biopanning strategies were performed with CXCR4 
or CCR5 expressing human glioma cells, the corresponding 
human glioma cells that were not expressing CXCR4 and CCR5 

3 0 and other cell types expressing CXCR4 and CCR5 to identify 

sequences that were specifically binding to CXCR4 and CCR5 . 
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[0107] After the biopanning procedures individual 

phages / phagemids were tested for their reactivity to 
CXCR4 and CCR5 expressing cells in an ELISA assay. Cells 
were grown to monolayers in 96 well plates overnight. After 
5 gentle washing with PBS, the plates were blocked with 2% 
BSA in PBS for 2 hrs . Phages / phagemids were added to the 
plates and allowed to bind to the cells for 2 hrs at 4°C. 
Unbound phages and phagemids were removed by gentle washing 
with PBS . The binding of the phages / phagemids was 

10 detected with HRP conjugated ant -Ml 3 antibody and 
orthophenylenediamine-H 2 0 2 as substrate. Plates were 
analyzed in a microti terplate reader at 492 nm. Phages / 
phagemids binding specifically to the CXCR4 and CCR5 
expressing cells were obtained by using different 

15 biopanning strategies on different cells. 



Example 4 ; Biopanning using a dedicated VHH library 
[0108] Libraries were grown and infected with 

helperphage M13K07 to obtain phages expressing HCDR3 on the 
20 tip of the phage. Phages were purified and used in 

biopanning experiments. 100 ocl of antigen at a 
concentration of 5 /zg/ml (in PBS) was coated in 
microtiterplates during 16 hours at 4 °C. Plates were 
blocked for 2 hours at room temperature using 1% skimmed 

25 milk. 50 fil purified phages were mixed with 50 0.2 % 

skimmed milk and incubated with the antigen for 2 hours at 
room temperature. Non-bound phages were washed away using 
PBS + 0.05 % Tween-20. Specific phages were eluted using 50 
fj.1 0.1 M glycine pH 2 . 5 and neutralized with 50 jil 1M Tris- 

30 HC1 pH 7.5. Antigen specific phage were eluted as could be 
concluded from the numbers of clones obtained from antigen 
coated wells compared with those from P-casein coated wells 
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leading to enrichment factors of more than 100 for both the 
disulfide bridge containing micro- scaffold library and the 
one lacking this bridge (see Figure 11) . The results are 
shown in Table 11. 



Selection 1° 
round 








Target 


Concentration 
(jig/ml) 


Llama 2 PBL1 , 
PBL2 , lymph 
node 


Llama 2 PBL1, 
PBL2 , lymph 
node 










TNF- alpha 


10 |ag /ml 


10 4 


2 10 4 




0 p,g /ml 


3 10 3 


4 10 3 


CEA 


10 |ag/ml 


1.5 10 4 


2 10 4 




0 jig /ml 


3 10 3 


4 10 3 


IgE 


10 ^ig/ml 


5 10 4 


6 10 4 




0 |ug/ml 


3 10 3 


4 10 3 


IL-6 


10 jag/ml 


9 10 3 


10 4 




0 (ig/ml 


3 10 3 


4 10 3 



Table 11: Selection of HCDR3 fragments 



Example 5 : Characterization of the HCDR3 length 
distribution from dedicated VHH library. 

[0109] To assess the length distribution of the 

10 HCDR3 in the library derived from the immunized llama a PCR 
was performed by PCR amplification (using the protocol of 
Table 6 and with 1 ng of plasmid template) with the FAM 
labeled gene 3 primer combined with the different pools of 
FR3 -based backward primers (Table 5) . 1 fj.1 of the PCR was 
15 added to 19 fil deionized water. 1 fil of the diluted PCR 
products was mixed with 10 jil f ormamide-size standard-mix, 
containing 1 ml of Hi-Di™ Formamide and 17 fil of GeneScan™- 
400HD ROX or 500 ROX (Applied Biosystems, Foster City, CA 
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94404, USA). The samples were heated for 5 minutes at 95°C 
and placed on ice for at least 5 minutes before loading on 
the ABI 3700 sequencing machine (Applied Biosystems) . 

[0110] The obtained chromatograms showed that the 

5 length of HCDR3 varied in triplets, i.e. codons, and that 
the major peaks were obtained between 13 and 17 amino acid 
residues (see Figure 12) . 

Methods 

10 • Vector construction . 

[0111] Different display vectors were designed and 

digested with Sfil and No tl restriction enzymes to have in 
frame cloning of the HCDR3 PCR products: 

1. pAXOOl (Figure 7) : identical to pHENl (Hoogenboom et 
15 al . , 1991), but adapted for: enables expression of a 

HCDR3 in fusion with a HIS-tag, a c-myc-tag and pill. An 
amber stopcodon between the c-myc tag and the pi 1 1 
sequence allows expression of the full fusion product 
when expressed in a suppressor strain. When expressed in 
20 a non- suppressor strain soluble HCDR3 in fusion with a 

HIS-tag and a c-myc-tag can be obtained. 

2. pAX007: enables expression of a HCDR3 in fusion with a 
c-myc-tag, a HIS-tag and pill. The pAXOOl display vector 
was modified so that the amber stopcodon was replaced by 

2 5 a codon encoding Glu. 

The following mutagenesis primer was designed: 

5 ' ACTCTCGAGATCAAACGGGCGGCCGCAGAACAAAAACTCATCTCAGAAGAGGAT 

CTGAATGGGGCCGCACATCATCATCACCATCACGGGGCCGCAGAAACTGTTGAAAG 

TTGTTTAGCA3 ' and used to modify the pAXOOl display 

3 0 vector. 

3. pAX008: enables expression of a HCDR3 in fusion with a 
c-myc-tag, a HIS-tag and the c-terminal domain of pill, 
anchoring the fusion product in the phage coat. 
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The following mutagenesis primer was designed: 
5 ' ACTCTCGAGATCAAACGGGCGGCCGCAGAACAAAAACTCATCTCAGAAGAGGAT 
CTGAATGGGGCCGCACATCATCATCACCATCACGGGGCCGCAGGTGGTGGCTCTGG 
TTCCGGTGA3 ' and used to modify the pAXOOl display 
5 vector. 

4. phage fd-tet (Figure 8) : enables multivalent expression 
of a HCDR3 in fusion with pill (Zacher et al . , 1980) 

• Generation of electrocompetent cells 
[0112] TG-1 cells were cultured in 1 L 2TY medium 

10 containing 16 g/L Tryptone (Difco, Becton Dickinson, San 
Diego, USA) , 10 g/L yeast extract (Difco, Becton Dickinson, 
San Diego, USA) and 5 g/L NaCl (Merck Eurolab, Overijse, 
Belgium) at 37°C at 200-250 rpm until an OD 600 nm of 0.6-0.9 
was reached. Cultures were placed on ice for 30-60 min and 

15 then centrifuged for 10 min at 4°C at 4000 rpm in a GS-3 
rotor. Cells were suspended in an equal volume of ice-cold 
distilled water, incubated on ice for 30-60 min and 
centrifuged. Cells were then suspended in half a volume of 
ice-cold distilled water, incubated on ice for 30-60 min 

20 and centrifuged. Next, cells were suspended in 10% 
glycerol, incubated on ice for 30-60 min and centrifuged. 
In the last step, cells were suspended in 1 ml 10% glycerol 
and stored on ice until further use. 
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CLAIMS 

1. Isolated polypeptide micro- scaffold 

displaying immunoglobulin CDR2 or CDR3 polypeptide 
sequences, comprising a CDR2 or CDR3 polypeptide sequence 
5 interconnecting fragments of the adjacent framework 
polypeptide sequences, which are arranged to form two anti- 

parallel P-strands . 

2 . Micro-scaffold as in claim 1, wherein said 
framework polypeptide sequences are selected from the group 

10 consisting of naturally occurring immunoglobulin framework 
polypeptide sequences, mutated naturally occurring 
framework polypeptide sequences, and artificial consensus 
framework polypeptide sequences. 

3 • Micro-scaffold as in claim 1 wherein said 
15 framework polypeptide sequences are mutated naturally 

occurring framework polypeptide sequences comprising 
cysteine residues at Kabat numbering positions 92 and 104 
arranged to form a disulphide bridge crosslink for 
increasing the conformational stability of the anti- 

2 0 parallel (3- strands. 

4. Micro-scaffold as in any of the claims 1 
to 3, linked to a polypeptide suitable for presenting or 
expression of said micro-scaffold. 

5. Micro-scaffold as in claim 4 wherein said 

2 5 polypeptide suitable for presenting or expression is a 

surface protein of a viral system with a solvent accessible 
N-terminus or C-terminus. 

6 . Micro-scaffold as in any of the claims 1 
to 5, wherein said CDR2 or CDR3 polypeptide sequence is a 

3 0 HCDR3 polypeptide sequence. 

7. Isolated nucleotide sequence encoding the 
polypeptide micro-scaffold of any of claims 1 to 6 . 
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8. Vector comprising the isolated nucleotide 
sequence of claim 7 . 

9. A CDR polypeptide library of micro- 
scaffolds according to any of the claims 1 to 6, 

5 characterised in that the CDR2 or CDR3 polypeptide 
sequences of a sufficient number of micro-scaffolds 
represent at least a significant fraction of a natural 
repertoire . 

10. The CDR polypeptide library as in claim 9 
10 wherein said sufficient number of micro-scaffolds lies 

between 10 and 10 15 . 

11. A CDR nucleic acid library of micro- 
scaffold nucleotide sequences according to claim 7, 
characterised in that the CDR2 or CDR3 nucleotide sequences 

15 of a sufficient number of micro- scaffolds represent at 
least a fraction of a natural repertoire. 

12. A method for creating a micro- scaffold as 
in any of the claims 1 to 6, comprising the steps of: 

• Providing a CDR2 or CDR3 nucleotide sequence 
2 0 interconnecting fragments of its adjacent framework 

nucleotide sequences to obtain a micro- scaffold 
nucleotide sequence, and 

• Express said micro-scaffold nucleotide sequence in a 
suitable system. 

25 13 . A method for creating a CDR library 

displaying loops of immunoglobulin domains, comprising the 
steps of : 

• Prepare a CDR nucleic acid library as in claim 11, and 

• Express said CDR nucleic acid library in a suitable 
30 system. 

14. The method as in claim 13 wherein said 
suitable system is a viral system having a surface protein 
with a solvent accessible N-terminus or C-terminus. 
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15. A method to search, select or screen for 
immunoglobulin CDR2 or CDR3 polypeptide sequences that bind 
to a given antigen or mixture of antigens, comprising the 
steps of: 

5 • Creating a CDR library with the method of claim 13 from 
the genetic information of an individual or group of 
individuals , 

• Select a CDR which binds to said antigen or mixture of 
antigens . 

10 16 . A method to search, select or screen for 

immunoglobulin CDR2 or CDR3 polypeptide sequences that bind 
to a given antigen or mixture of antigens, comprising the 
steps of: 

• Creating a CDR library with the method of claim 13 from 
15 the genetic information of an individual or group of 

individuals , 

• Creating a VH, Fab, scFv or IgG library from the genetic 
information of said individual or said group of 
individuals, and 

20 • Selecting a CDR which binds to said antigen or mixture 
of antigens, in both said CDR library and said VH, Fab, 
scFv or IgG library. 

17. A method to search, select or screen for 
immunoglobulin CDR2 or CDR3 polypeptide sequences that bind 
25 to a given antigen or mixture of antigens, comprising the 
steps of: 

• Creating a CDR library with the method of claim 13 from 
the genetic information of an individual or group of 
individuals, 

30 • Creating a non- immunoglobulin grafted CDR library using 
a non- immunoglobulin scaffold that is arranged to 
comprise grafted CDR loops of said CDR library, and 
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• Selecting a CDR which binds to said antigen or mixture 
of antigens, in both said CDR library and said non- 
immunoglobulin grafted CDR library. 

18. The method of any of the claims 15 to 17, 
5 wherein the individual or group of individuals are either 

immunised or naive to the given antigen or mixture of 
antigens . 

19. A method for designing, selecting or 
screening peptide molecules, with a sequence homologous or 

10 relative to the sequence of the CDR sequences identified by 
the method of any of the claims 15 to 18, said sequence 
binding to the antigen or mixture of antigens used. 
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SEQUENCE LISTING 

<110> Algonomics N.V. 
Ablynx N.V. 
Lasters, ignace 
Pletinckx, Jurgen 
Boutonnet, Nathalie 
Lauwereys, Marc 
Beirnaert, Els 

<120> METHOD FOR DISPLAYING LOOPS FROM IMMUNOGLOBULIN DOMAINS IN DIFFERENT 
CONTEXTS 

<130> P . ALGO . 02B/WO 
<160> 77 

<170> Patentln version 3.1 

<210> 1 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> VHlB/7A-Back primer 

<400> 1 

cagrtgcagc tggtgcartc tgg 23 

<210> 2 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> VHlC-Back primer 

Page 1 



WO 03/050531 
<400> 2 

saggtccagc tggtrcagtc tgg 

<210> 3 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> VH3B-Back primer 

<400> 3 

saggtgcagc tggtggagtc tgg 

<210> 4 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> VH5B-Back primer 

<400> 4 

gargtgcagc tggtgcagtc tgg 

<210> 5 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> VH4c-Back primer 

<400> 5 

cagstgcagc tgcaggagtc sgg 

<210> 6 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 



PCT/BE02/00189 

23 



23 



23 



23 
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<223> VH6A-Back primer 
<400> 6 

caggtacagc tgcagcagtc agg 

<210> 7 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> VH2B-Back primer 

<400> 7 

cagrtcacct tgaaggagtc tgg 

<210> 8 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> VH4B-Back primer 

<400> 8 

caggtgcagc tgcagcagtg ggg 

<210> 9 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Hu-IgGl-CHl-For primer 

<400> 9 

gtccaccttg gtgttgctgg gctt 

<210> 10 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
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23 



23 



23 



24 
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<220> 

<223> Hu-lgM-CHl-For primer 
<400> 10 

tggaagaggc acgttctttt cttt 24 

<210> 11 

<211> 56 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> VH1B/7A-Sfil-Back primer 

<400> 11 

gtcctcgcaa ctgcggccca gccggccatg gcccagrtgc agctggtgca rtctgg 56 

<210> 12 

<211> 56 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> VHlC-Sfil-Back primer 

<400> 12 

gtcctcgcaa ctgcggccca gccggccatg gccsaggtcc agctggtrca gtctgg 56 

<210> 13 

<211> 56 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> VH3B-Sfil-Back primer 

<400> 13 

gtcctcgcaa ctgcggccca gccggccatg gccsaggtgc agctggtgga gtctgg 56 

<210> 14 
<211> 56 
<212> DNA 

Page 4 
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<213> 



Artifi cial Sequence 



<220> 



<223> 



VH5B-sfil-Back primer 



<400> 14 

gtcctcgcaa ctgcggccca gccggccatg gccgargtgc agctggtgca gtctgg 



<210> 15 

<211> 56 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> VH4c-Sfil-Back primer 

<400> 15 

gtcctcgcaa ctgcggccca gccggccatg gcccagstgc agctgcagga gtcsgg 56 

<210> 16 

<211> 56 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> VH6A-Sfil-Back primer 

<400> 16 

gtcctcgcaa ctgcggccca gccggccatg gcccaggtac agctgcagca gtcagg 56 

<210> 17 

<211> 56 

<212> DNA 

<213> Artificial sequence 

<220> 

<223> VH2B-SfiI-Back primer 

<400> 17 

gtcctcgcaa ctgcggccca gccggccatg gcccagrtca ccttgaagga gtctgg 56 



<210> 



18 



Page 5 



WO 03/050531 



PCT/BE02/00189 



<211> 56 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> VH4B-Sfil-Back primer 

<400> 18 

gtcctcgcaa ctgcggccca gccggccatg gcccaggtgc agctgcagca gtgggg 56 

<210> 19 

<211> 48 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> JHl/2-Notl-For primer 

<400> 19 

gagtcattct cgacttgcgg ccgctgagga gacggtgacc agggtgcc 48 

<210> 20 

<211> 48 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> 3H4/5-Notl-For primer 
<400> 20 

gagtcattct cgacttgcgg ccgctgagga gacggtgacc agggttcc 48 

<210> 21 
<211> 48 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> JH3-NotI-For primer 
<400> 21 

gagtcattct cgacttgcgg ccgctgaaga gacggtgacc attgtccc 48 

Page 6 
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<210> 22 

<211> 48 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> 3H6-Notl-For primer 

<400> 22 

gagtcattct cgacttgcgg ccgctgagga gacggtgacc gtggtccc 48 

<210> 23 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exbackl primer 
<220> 

<221> mi sc_f eature 

<222> (12).. (12) 

<223> Any nucleotide 

<400> 23 

gacacggccg tntattactg tg 22 

<210> 24 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exback2 primer 
<220> 

<221> mi sc_f eature 

<222> (12) . . (12) 

<223> Any nucleotide 



Page 7 



WO 03/050531 



PCT/BE02/00189 



<400> 24 

gacacggccg tntattattg tg 22 

<210> 25 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exback3 primer 

<400> 25 

gacacggctg trtatttctg tg 22 

<210> 26 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exforl primer 

<400> 26 

gaccagggtb ccctggcccc a 21 

<210> 27 

<211> 21 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Exfor2 primer 

<400> 27 

gaccgtggty ccttggcccc a 21 

<210> 28 

<211> 21 

<212> DNA 

<213> Artificial sequence 
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<220> 

<223> Exfor3 primer 

<400> 28 

gaccagggtg ccacggcccc a 21 

<210> 29 

<211> 55 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Exbackl-sfil primer 
<220> 

<221> mi sc_f eature 

<222> (45). .(45) 

<223> Any nucleotide 



<400> 29 

gtcctcgcaa ctgcggccca gccggccatg gccgacacgg ccgtntatta ctgtg 55 

<210> 30 

<211> 55 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Exback2-sfil primer 
<220> 

<221> mi sc_f eature 

<222> (45). .(45) 

<223> Any nucleotide 

<400> 30 

gtcctcgcaa ctgcggccca gccggccatg gccgacacgg ccgtntatta ttgtg 55 

<210> 31 
<211> 5 5 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exback3-sf i I primer 
<400> 31 

gtcctcgcaa ctgcggccca gccggccatg gccgacacgg ctgtrtattt ctgtg 55 

<210> 32 

<211> 57 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> ExForl-Notl primer 

<400> 32 

gagtcattct cgacttgcgg ccgctgaacc gcctccgacc agggtbccct ggcccca 57 

<210> 33 

<211> 57 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> ExFor2-NotI primer 

<400> 33 

gagtcattct cgacttgcgg ccgctgaacc gcctccgacc gtggtycctt ggcccca 57 

<210> 34 
<211> 57 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> ExFor3-NotI primer 
<400> 34 

gagtcattct cgacttgcgg ccgctgaacc gcctccgacc agggtgccac ggcccca 57 
<210> 35 
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<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Degenerated framework 1 primer ABL013 

<400> 3 5 

gaggtbcarc tgcaggastc ygg 23 

<210> 36 

<211> 53 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> hinge primer 

<400> 36 

aacagttaag cttccgcttg cggccgcgga gctggggtct tcgctgtggt gcg 53 

<210> 37 

<211> 53 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> hinge primer 

<400> 37 

aacagttaag cttccgcttg cggccgctgg ttgtggtttt ggtgtcttgg gtt 53 

<210> 38 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exbackl primer 
<400> 38 

gacacggccg bctattactg 20 
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<210> 39 

<211> 20 

<212> DNA 

<213> Artificial sequence 



<220> 

<223> Exback2 primer 

<400> 39 

gacacggccg tttatwactg 20 

<210> 40 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exback3 primer 

<400> 40 

gacacggccg tgtattaytg 20 

<210> 41 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exback4 primer 

<400> 41 

gacacggccg tctattwttg 20 

<210> 42 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> ExbackS primer 
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<400> 42 

gacacggccg wttattattg 



20 



<210> 43 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exback6 primer 

<400> 43 

gacacggcca tytattwctg 20 

<210> 44 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exback7 primer 

<400> 44 

gacacgggac tytattactg 20 

<210> 45 

<211> 7 

<212> PRT 

<213> Artificial Sequence 



<220> 



<223> 



amino acid sequence for fr3 backward primers 



<400> 



45 



Asp Thr Ala val Tyr Tyr Cys 
1 5 



<210> 



46 



<211> 



20 



<212> 



DNA 



<213> 



Arti f i cial sequence 
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<220> 

<223> FR4 A primer 
<400> 46 

ggggccaggg vacycaggtc 20 

<210> 47 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exforl primer 

<400> 47 

gacctgrgtb ccctggcccc 20 

<210> 48 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> FR4 B primer 

<400> 48 

ggggcmaagg gaccmaggtc 20 

<210> 49 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exfor2 primer 

<400> 49 

gacctkggtc ccttkgcccc 20 

<210> 50 
<211> 20 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> FR4 c primer 
<400> 50 

grggsccggg gacccaggtc 

<210> 51 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exfor3 primer 

<400> 51 

gacctgggtc cccggsccyc 

<210> 52 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> FR4 D primer 

<400> 52 

ggggdcaggg gacccaggtc 

<210> 53 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exfor4 primer 

<400> 53 

gacctgggtc ccctghcccc 

<210> 54 
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20 



20 



20 



20 
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<211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> FR4 E primer 

<400> 54 

acggccaggg gacccaggtc 20 

<210> 55 

<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> ExforS primer 

<400> 55 

gacctgggtc ccctggccgt 20 

<210> 56 

<211> 6 

<212> PRT 

<213> Artificial Sequence 



<220> 

<223> FR4 Forward primer amino acid sequence 

<400> 56 

Gly Gin Gly Thr Gin val 
1 5 

<210> 57 

<211> 53 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exbacklsfi primer 

<400> 57 
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gtcctcgcaa ctgcggccca gccggccatg gccgacacgg ccgbctatta ctg 53 

<210> 58 

<211> 53 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exback2sfi primer 

<400> 58 

gtcctcgcaa ctgcggccca gccggccatg gccgacacgg ccgtttatwa ctg 

<210> 59 

<211> 53 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exback3sfi primer 

<400> 59 

gtcctcgcaa ctgcggccca gccggccatg gccgacacgg ccgtgtatta ytg 

<210> 60 

<211> 53 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exback4sfi primer 

<400> 60 

gtcctcgcaa ctgcggccca gccggccatg gccgacacgg ccgtctattw ttg 53 

<210> 61 

<211> 53 

<212> DNA 

<213> Artificial sequence 
<220> 



53 



53 
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<223> Exback5sfi primer 
<400> 61 

gtcctcgcaa ctgcggccca gccggccatg gccgacacgg ccgwttatta ttg 53 

<210> 62 
<211> 53 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Exback6sfi primer 

<400> 62 

gtcctcgcaa ctgcggccca gccggccatg gccgacacgg ccatytattw ctg 53 

<210> 63 

<211> 53 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exback7sfi primer 

<400> 63 

gtcctcgcaa ctgcggccca gccggccatg gccgacacgg gactytatta ctg 53 

<210> 64 

<211> 56 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exforlnot primer 

<400> 64 

gagtcattct cgacttgcgg ccgctgaacc gcctccgacc tgrgtbccct ggcccc 56 

<210> 65 

<211> 56 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Exfor2not primer 
<400> 65 

gagtcattct cgacttgcgg ccgctgaacc gcctccgacc tkggtccctt kgcccc 56 

<210> 66 

<211> 56 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exfor3not primer 

<400> 66 

gagtcattct cgacttgcgg ccgctgaacc gcctccgacc tgggtccccg gsccyc 56 

<210> 67 

<211> 56 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exfor4not primer 

<400> 67 

gagtcattct cgacttgcgg ccgctgaacc gcctccgacc tgggtcccct ghcccc 56 

<210> 68 

<211> 56 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exfor5not primer 

<400> 68 

gagtcattct cgacttgcgg ccgctgaacc gcctccgacc tgggtcccct ggccgt 56 

<210> 69 
<211> 57 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Exforlcyswnot primer 
<400> 69 

gagtcattct cgacttgcgg ccgctgaacc gcctccgacc tgrgtbccct ggcacca 57 

<210> 70 

<211> 57 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> ExforlcysRnot primer 

<400> 70 

gagtcattct cgacttgcgg ccgctgaacc gcctccgacc tgrgtbccct ggcacct 57 

<210> 71 

<211> 57 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exfor2cysWnot primer 

<400> 71 

gagtcattct cgacttgcgg ccgctgaacc gcctccgacc tkggtccctt kgcacca 57 

<210> 72 

<211> 57 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exfor3cyswnot primer 

<400> 72 

gagtcattct cgacttgcgg ccgctgaacc gcctccgacc tgggtccccg gscacca 57 

<210> 73 
<211> 57 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exfor3cysRnot primer 
<400> 73 

gagtcattct cgacttgcgg ccgctgaacc gcctccgacc tgggtccccg gscatct 57 

<210> 74 

<211> 57 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exfor4cysWnot primer 

<400> 74 

gagtcattct cgacttgcgg ccgctgaacc gcctccgacc tgggtcccct ghcacca 57 

<210> 75 
<211> 57 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exfor5cysWnot primer 
<400> 75 

gagtcattct cgacttgcgg ccgctgaacc gcctccgacc tgggtcccct ggcagta 57 

<210> 76 

<211> 120 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> mutagenesis primer for pAXOOl vector 

<400> 76 

actctcgaga tcaaacgggc ggccgcagaa caaaaactca tctcagaaga ggatctgaat 60 

ggggccgcac atcatcatca ccatcacggg gccgcagaaa ctgttgaaag ttgtttagca 120 

Page 21 



WO 03/050531 



PCT/BE02/00189 



<210> 77 

<211> 119 

<212> DNA 

<213> Artificial Sequence 



<220> 

<223> muagenesis primer for pAXOOl vector 
<400> 77 

actctcgaga tcaaacgggc ggccgcagaa caaaaactca tctcagaaga ggatctgaat 60 
ggggccgcac atcatcatca ccatcacggg gccgcaggtg gtggctctgg ttccggtga 119 
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